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Description 

[0001] The present invention relates to an organic electroluminescent device. Partlcularfy, it relates to a thin filnn type 
device which emits light when an electric field is applied to a luminescent layer comprising an organic compound. 
[0002] Heretofore, it has been common that thin-film type electroluminescent (EL) devices are made of inorganic 
material which is obtained by doping a semiconductor of a Group ll-VI compound such as ZnS, CaS, or SrS with Mn 
or a rare earth element (such as Eu, Ce, Tb, Sm) as the luminous center However, the EL devices made of such 
inorganic materials, have the following problems: 

1 ) Alternate cun-ent drive is required (50 to 1000 Hz), 

2) The driving voltage is high (about 200 V), 

3) It is difficult to obtain full coloring (particulariy, blue color), and 

4) Costs of peripheral driving circuits are high. 

[0003] However, in order to overcome the above problems, there have been activities, in recent years, to develop 
EL devices using organic materials. Particulariy, the luminous efficiency has been improved to a large extent over 
conventional EL devices employing a single crystal of e.g. anthracene, by the development of an organic EL device 
wherein the electrode material has been optimized for the purpose of improving the efficiency for carrier Injection from 
the electrode In order to increase the luminous efficiency, and an organic hole transport layer made of an aromatic 
diamine and a luminescent layer made of an aluminum complex of 8-hydroxyquinoline, are provided (Appl. Rhys. Lett.. 
vol.51, p.913, 1987). 

[0004] Further, for an organic luminescent layer, a polymer material such as poly(p-phenylenevlnyIene)(Nature, vol. 
347, p.539, 1990; AppL Rhys, Lett., vol.61 , p.2793, 1992), poly[2-methoxy, 5-(2'-ethylhexoxy)-1,4-phenylenevinylene] 
(Appl. Rhys. Lett., vol.58, p.1982, 1991;Thin Solid Films, vol.21 6. p.96, 1992; Nature, vol.357, p.477, 1992) or poly 
(3-alkylthlophene) (Jpn. J. Appl. Rhys. Vol.30. L1938, 1991; J. Appl. Rhys. Vol.72, p.564. 1992). has been developed, 
and a device having a luminescent material and an electrontransfer material mixed to a polymer such as polyvinyl 
carbazole, has been developed, (Applied Physics, vol.61 , p.1 044, 1 992). 

[0005] In such organic EL devices as described above, It is common that a transparent electrode such as indium tin 
oxide (ITO) is used as an anode, but for a cathode, a metal electrode having a low work function is employed to carry 
out the electron injection efficiently, therefore a magnesium alloy, calcium or the like is employed. Further, an alloy 
having from 0.01 to 0,1% of lithium doped on aluminum, is employed as a system having a trace amount of a low work 
function metal doped on a relatively stable metal (JP-A-5-159882, JP-A-5-198380). 

[0006] Further, recently, there have been a report on an attempt to reduce the voltage of a device by vapor depositing 
lithium fluoride in a thickness of from 0.5 to 1 nm and further vapor depositing aluminum thereon (pi 52, Appl. Rhys. 
Lett. 70(2). 1 997) and a report on the results of a similar attennpt to reduce the voltage of a device by vapor depositing 
aluminum in a thickness of from 0.6 to 1 .2 nm, exposing It to atmospheric air to fonn AI2O3 by natural oxidation and 
further vapor depositing aluminum thereon {p1233, Appl. Rhys. Lett. 70(10), 1997), but no report has been made with 
respect to stability of a device. Further, as a cathode interface layer, one employing an organic substance, such as 
one employing an N-phenylcartaazoIe compound (JR-A-6-199562) or one employing an aromatic amine compound 
(JP-A-5-48475). has been reported, but no adequate properties have been obtained. Thus, the developments have 
not yet reached a practical level from the viewpoint of presenting a device which is capable of emitting light stably 
[0007] With organic electroluminescent devices disclosed heretofore, EL emission is brought about by recombination 
of injected holes and electrons. In the case of electron injection, in order to improve the injection efficiency by reducing 
the injection barrier at the interface between the cathode and the organic luminescent layer Therefore it is common 
to employ, as a cathode, a metal electrode having a low work function such as a magnesium alloy or calcium, or an 
electrode having trace amount of a metal having a low work function doped on a stable metal. However, such a metal 
material is poor in the adhesion to the organic luminescent layer, whereby it tends to be peeled off the organic lumi- 
nescent layer, or deterioration in the properties of the device is likely to be brought about by oxidation of the cathode 
material or by diffusion of the cathode material Into the organic luminescent layer 

[0008] EP 0 822 603 A2 representing a document in the sense of Article 54(3) EPC relates to an electroluminescent 
device comprising an anode, an electroluminescent layer, and a cathode, wherein that cathode comprises a bilayer 
structure, comprising a fluoride layer including an alkali fluoride or an alkaline earth fluoride and contacting the elec- 
troluminescent layer, a conductive layer contacting the flouride layer, the thickness of the flouride layer being selected 
so that the bilayer acts as an electron injecting contact, the bilayer providing stability against atmospheric corrosion. 
[0009] Under these circumstances, the present inventors have conducted extensive studies for the purpose of pre- 
senting an organic electroluminescent device which is capable of maintaining a stable emission characteristics over a 
long period of time, and as a result, they have found it effective to provide a cathode interface layer containing a certain 
specific metal compound at the interface between the organic luminescent layer and the cathode. 
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seconde couche metallique ayant une resistance 6!ectrique au maximum de 10 nl2.cm, qui est laminae sur la 
premiere couche metallique. 
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[0010] Thus, the present invention provides an organic electroluminescent device having an organic luminescent 
layer interposed between an anode and a cathode, on a substrate, wherein a cathode interface layer comprising a 
specific metal compound. Is fonned between the cathode and the organic luminescent layer of the device. Specifically, 
it provides an organic luminescent device, wherein a cathode interface layer comprising at least one compound selected 
from a hallde of a metal of Group 3A of the Periodic Table also comprising the lanthanides and actinldes and a complex 
halide compound of at least two metal elements, Is formed. 

[0011] Now, the organic electroluminescent device of the present invention will be described with reference to the 
accompanying drawings In which: 

Rgure 1 is a schematic cross-sectional view Illustrating an embodiment of the organic electroluminescent device, 
Rgure 2 is a schematic cross-sectional view illustrating another embodiment of the organic electroluminescent 
device. 

Figure 3 is a schematic cross-sectional view illustrating still another embodiment of the organic electroluminescent 
device. 

Figure 4 is a schematic cross-sectional view Illustrating a further embodiment of the organic electroluminescent 
device. 

Rgure 5 is a schematic cross-sectional view illustrating a still further embodiment of the organic electroluminescent 
device. 

Figure 6 is a graph showing the luminance characteristics of devices when they were driven at a constant current 
density of 250 mA/cm^. 

Figure 7 is a graph showing the luminance characteristics of devices when they were driven at a constant current 
density of 1 5 mA/cm^, 

Figure B Is a graph showing voltage increases of devices when they were driven at a constant current density of 
15 mA/cm2. 

Figure 9 Is a graph showing the luminance characteristics of devices when they were driven at a constant current 
density of 250 mA/cm^. 

Figure 1 0 is a graph showing the luminance characteristics of devices when they were driven at a constant current 
density of 250 mA/cm^. 

Figure 1 1 is a graph showing the luminance characteristics of devices when they were driven at a constant current 
density of 250 mA/cm^. 

Figure 12 is a graph showing the luminance characteristics of devices when they were driven at a constant current 
density of 250 mA/cm^. 

Figure 13 is a graph showing voltage Increases from the initial stage of devices which gave 100 cd/m^, when they 
were stored in a dry nitrogen atmosphere. 

Figure 14 is a graph showing the relation between the thickness of the cathode interface layer and the relative 
luminance when a device was driven at 250 nnA/cm^ for 50 seconds. 

[0012] Figure 1 is a cross-sectional view schematically illustrating the structural embodiment of a common organic 
electroluminescent device employed in the present invention, wherein reference numeral 1 Indicates a substrate, nu- 
meral 2 an anode, numeral 3 an organic luminescent layer, numeral 4 a cathode interface layer, and numeral 5 a 
cathode. 

[0013] The substrate 1 is a support for the organic electroluminescent device, and may, for example, be a quartz or 
glass sheet, a metal sheet or foil, or a plastic film or sheet. Particularly preferred Is a glass sheet or a sheet of a 
transparent synthetic resin such as polyester, polymetacrylate, polycarbonate or polysulfone. When a synthetic resin 
substrate is used, it is necessary to pay an attention to a gas barrier property. If the gas barrier property of the substrate 
is too low, the organic electroluminescent device is likely to deteriorate due to an exterior gas which permeates the 
substrate, such being undesirable. Accordingly, it is one of preferred methods to provide a dense silicon oxide film on 
one side or each side of a synthetic resin substrate to secure the gas barrier property. 

[0014] An anode 2 Is formed on the substrate 1 . The anode 2 plays a role of hole injection into the organic luminescent 
layer 3. This anode Is made usually of a metal such as aluminum, gold, silver, nickel, palladium or platinum, a metal 
oxide such as indium and/or tin oxide, a metal halide such as copper iodide, carbon black, or an electroconductive 
polymer such as poly(3-methylthiophene), polypyrrole or polyanlline. Formation of the anode 2 Is carried out usually 
by e.g. sputtering or vacuum vapor deposition, in many cases. Further, in the case of fine particles of a metal such as 
silver, fine particles of e.g. copper iodide, carbon black, fine particles of an electroconductive metal oxide or a fine 
powder of an electroconductive polymer, such a material may be dispersed in a suitable binder resin solution, followed 
by coating on the substrate 1 to form the anode 2. Further, in the case of an electroconductive polymer, a thin film may 
directly be formed on the substrate 1 by electrolytic polymerization (Appl. Rhys. Lett., vol.60, p. 271 1 , 1 992). The anode 
2 may be formed by laminating different materials. The thickness of the anode 2 varies depending upon the required 
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transparency. In a case where transparency is required, it is usually preferred that the transmittance of visible light is 
usually at least 60%, preferably at least 80%. In such a case, the thickness is usually fronn 5 to 1000 nm. preferably 
from 1 0 to 500 nm. In a case where it may be opaque, the anode 2 may be made by the same material as the substrate 

1. Further, on the above described anode 2, a different electroconductive material may be laminated. 

[0015] On the anode 2, an organic luminescent layer 3 is fonned. The organic luminescent layer 3 is made of a 
material which is capable of efficiently transporting holes injected from the anode and electrons injected from the 
cathode and efficiently emitting light by recombination of both carrier. This organic luminescent layer 3 is usually divided 
into a hole transport layer 3a and an electron transport layer 3b to form a function separation type, as shown In Figure 

2, in order to improve the luminous efficiency (Appl. Phys. Lett., vol.51 , p.913. 1987). 

[0016] In the above function separation type device, the material for the hole transport layer 3a is required to be a 
material which has high efficiency for injecting holes from the anode 2 and which is capable of efficiently transporting 
the injected holes. For this purpose, it is required that the ionization potential Is small, transparency to visible light is 
high, yet, the hole mobility is large and excellent in stability, and impurities constituting traps are less likely to form 
during the production or during use. In addition to such general requirements, the device is further required to have 
thermal stability, when its application to a display on a vehicle is taken into account. Accordingly, a material having a 
glass transition temperature of at least 70''C. is preferred. 

[0017] Such a hole transport material may, for example, be an aromatic diamine compound having tertiary aromatic 
amine units of e.g. 1,1-bis(4-di-p-tolylamInophenyl)cyclohexane connected thereto (JP-A-59-1 94393), an aromatic 
amine containing at least two tertiary amines represented by 4,4'-bls[N-(1-naphtyl)-N-phenylamino]biphenyl and having 
at least two condensed aromatic rings substituted on a nitrogen atom (JP-A-5-234681), an aromatic triamine which is 
a triphenylbenzene derivative and which has a star burst structure (U.S. Patent 4,923,774), an aromatic diamine such 
as N,N'-diphenyl-N,N'-bis(3-methylphenyl)blphenyl'4,4'-diamine (U.S. Patent 4,764,625), a.a.a\a'-tetramethyl-a..a'- 
bis(4-di-p4otylamlnophenyl)-p-xylene (JP-A-3-269084), a triphenylamine derivative which is sterically asymmetrical as 
a whole molecule (JP-A-4-1 29271 ). a compound having a plurality of aromatic diamine groups substituted on a pyrenyl 
group (JP-A-4-1 75395), an aromatic diamine having tertiary aromatic amine units connected by ethylene groups (JP-A- 

4- 264189), an aromatic diamine having a stylyl structure (JP-A-4-290851), one having aromatic tertiary amine units 
connected by thiophene groups (JP-A-4-304466), a star burst type aromatic triamine (JP-A-4-308688), a benzylphenyl 
compound (JP-A-4-364153), one having tertiary amines connected by fluorene groups (JP-A-5-25473), a triamine 
compound {JP-A-5-239455), bisdipyridylamino biphenyl {JP-A-5-320634), an N.N,N-triphenylamine derivative (JP-A- 
6-1972), an aromatic diamine having a phenoxadine structure (JP-A-7-138562), a diaminophenylphenanetrizine de- 
rivative (JP-A-7-252474), a hydrazone compound (JP-A-2-31 1591), a silazane compound (U.S.Patent 4.950,950), a 
silanamine derivative (JP-A-6-49079), a phosphamine derivative (JP-A-6-25659), or a quinacridone compound. These 
compounds may be used alone or in combination as a mixture, as the case requires. 

[0018] In addition to the above compounds, the material for the hole transport layer may, for example, be a polymer 
material such as a polyvinyl carbazole or polysilane (Appl. Phys. Lett., vol.59, p.2760, 1991), polyphosphazene (JP-A- 

5- 310949), polyamide (JP-A-5-310949), polyvinyl triphenylamine (JP-A-7-53953), a polymer having a triphenylamine 
structure (JP-A-4-1 33065). a polymer having triphenylamine units connected by methylene groups (Synthetic I\/letals, 
vol.55-57, p.4163, 1993), or a polymetacrylate containing an aromatto amine (J. Polym. Scl., Polym. Chem. Ed., vol. 
21, p.969, 1983). 

[0019] The above hole transport material is laminated on the above anode 2 by a coating method or a vacuum vapor 
deposition method to form a hole transport layer 3a. 

[0020] In the case of the coating method, one or more hole transport materials and, if necessary, a binder resin which 
is free from hole traps, or an additive such as an agent for improving the coating property, are added and dissolved to 
obtain a coating solution, which is then coated on the anode 2 by a method such as a spin coating method, followed 
by drying to form a hole transport layer 4. The binder resin may, for example, be polycarbonate, polyarylate or polyester 
The amount of the binder resin should better be small, and usually preferably at most 50 wt%, since if the amount is 
large, the hole mobility tends to be low. 

[0021] in the case of the vacuum vapor deposition, the hole transport material is put in a crucible set in a vacuum 
chamber, and the interior of the vacuum chamber is evacuated by a suitable vacuum pump to a level of about 1 0 '^Pa. 
and then the crucible is heated to evaporate the hole transport material and thereby to form a hole transport layer on 
the anode 2 on the substrate 1 placed face to face against the crucible. 

[0022] The thickness of the hole transport layer 3a is usually from 10 to 300 nm, preferably from 30 to 100 nm. To 
form such a thin film uniformly, it is usually common to employ the vacuum vapor deposition method. 
[0023] To improve the contact between the anode 2 and the hole transport layer 3a, an anode buffer layer 3a' may 
be fonned between the anode and the hole transport layer The material to be used forthe anode buffer layer is required 
to have good contact with the anode, to be able to form a uniform thin film, to be thermally stable i.e. to have a high 
melting point and a high glass transition temperature, the melting point being at a level of at least 300°C, and the glass 
transition temperature being at least 100°C. Further, it is required that the ionization potential is low, the hole injection 
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from the anode is easy, and the hole mobility is large. For this purpose, an organic compound such as a porphyrin 
derivative or a phthalocyanine compound (JP-A-63-295695), a star burst type aromatic triamine (J P-A -4-308688), a 
hydrazone compound (JP-A-4-320483), an alkoxy-substituted aromatic diamine derivative (JP-A-4-220995). p-{9-an- 
thryl)-N,N-di-p-tolylanlline (JP-A-3-111485), polythienylenevinylene or poly-p-phenylenevinylene (JP-A-4-145192), or 
polyaniline (Appl. Phys. Lett., vol.64, p.1245, 1 994), a sputtered carbon film {JP^-8-31 573), or a metal oxide such as 
vanadium oxide, ruthenium oxide or molybdenum oxide (43th lecture meeting of Applied Physics Related Association. 
27a-SY-9, 1996) has heretofore been reported. 

[0024] A porphyrin compound or a phthalocyanine compound may be mentioned as a compound which is frequently 
used as a material for the above anode buffer layer. Such a compound may or may not have a center metal. 
[0025] The following compounds may be mentioned as specific examples of such preferred compounds: 

Porphine 

[0026] 

5,1 0,15,20-tetraphenyl-21 H,23H-porphine 

5,1 0,15.20-tetraphenyl-21 H.23H-porphine cobalt(II). 

5.10.15.20-tetraphenyl-21H,23H-porphine copper(ll), 

5,10.15.20-tetraphenyl-21 H,23H-porphine zinc(ll), 

5,10,15,20-tetraphenyl-21H,23H-porphine vanadium(IV) oxide 

5,10.1 5,20-tetra(4-pyrydyl)-21 H.23H-porphine 

29H,31 H-phthalocyanlne 

Copper(ll) phthalocyanine 

Zinc(ll) phthalocyanine 

Titanium phthalocyanineoxide 

Magnesium phthalocyanine 

Lead phthalocyanine 

Copper(ll)4.4\4".4"'-tetraaza-29H,31H-phthalocyanine 

[0027] Also in the case of the anode buffer layer, a thin film may be formed in the same manner as for the hole 
transport layer. However, in the case of an inorganic material, a sputtering method, an electron beam vapor deposition 
method or a plasma CVD method may further be employed. 

[0028] The thickness of the anode buffer layer 3a' to be fonried as described above, is usually from 3 to 100 nm, 
preferably from 1 0 to 50 nm. 

[0029] On the hole transport layer 3a, an electron transport layer 3b Is formed. The electron transport layer is f omned 
by a compound which is capable of efficiently transporting electrons from a cathode in the direction of the hole transport 
layer 3a between electrodes to which an electric field is applied. 

[0030] The electron transporting compound to be used for the electron transport layer 3b is required to be a compound 
which has a high efficiency for electron injection from the cathode 4 and which is capable of efficiently transporting the 
injected electrons. For this purpose, it Is required to be a compound which has a large etectron affinity and whereby 
the electron mobility is large and excellent In stability, and impurities which are likely to constitute traps, are scarcely 
fomned during the production or during use. 

[0031] As a material satisfying such conditions, an aromatic compound such as tetraphenylbutadiene (JP-A- 
57-51781), a metal complex such as an aluminum complex of 8-hydroxyquinoline (JP-A-59-1 94393), a metal complex 
of 1 0-hydroxybenzo[h]quinoline {JP-A-6-322362), a mixed ligand aluminum chelate complex (JP-A-5-1 98377, JP-A- 
5-198378. JP-A-5-214332, JP-A-6-1 72751 ), a cyclopentadiene derivative (JP-A-2-289675), a perinone derivative 
(JP-A-2-289676), an oxadiazole derivative (JP-A-2-216791 ), a bisstylylbenzene derivative (J P-A- 1-245087. JP-A- 

2- 222484), a perylene derivative (JP-A-2-1 89890, JP-A-3-791), a cumarin compound (JP-A-2-191694, JP-A-3-792), 
a rare earth complex (J P-A- 1-256584), a distylylpyradine derivative (JP-A-2-252793), a p-phenylene compound (JP-A- 

3- 331 83), a thiadiazolopyridine derivative (JP-A-3-37292), a pyrrolopyridine derivative (JP-A-3-37293), a naphthylidine 
derivative (JP-A-3-203982), or a silol derivative (70th spring annual meeting of Japan Chemical Association. 2D1 02 
and 2D1 03, 1 996), may. for example, be mentioned. 

[0032] The thickness of the electron transport layer 3b is usually from 10 to 200 nm, preferably from 30 to 100 nm. 
The electron transport layer may be formed by the same nnethod as the hole transport layer, but a vacuum vapor 
deposition method is usually employed. 

[0033] For the purpose of changing the luminescent color at the same time as improving the luminous efficiency of 
the device, it has been proposed to dope a fluorescent dye for laser, such as coumarln. using e.g. an aluminum complex 
of 8-hydroxyquinoline as the host material (J. Appl. Phys. vol.65. p.3610, 1989). This method has the following merits: 
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1) The luminous effidency is improved by the highly efficient fluorescent dye. 

2) The luminescent wavelength can be changed by the selection of the fluorescent dye. 

3) It Is possible to use a fluorescent dye which undergoes quenching. 

4) A fluorescent dye having a poor thin film fomiing property may also be used. 

[0034] Also for the purpose of improving the driving life of the device, it is effective to dope a fluorescent dye using 
the above electron transporting material as the host material. For example, it is possible to substantially improve the 
luminescence characteristic, particularly the driving stability, of the device by doping from 0.1 to 1 0 wt%, based on the 
host material, of a naphthacene derivative represented by rubrene (JP-A*4-335087), a quinacridone derivative (JP-A- 
5-70773) or a condensed polycycllc aromatic ring such as perylene (JP-A-5-198377), using a metal complex such as 
an aluminum complex of 8-hydroxyqu incline as the host material. 

[0035] As the host material, when the electron transport layer 3b plays its role, the above electron transporting com- 
pound may be mentioned, and when the hole transport layer 3a plays a role as a host material, the above mentioned 
aromatic amine compound or a hydrazone compound may be mentioned. 

[0036] When the above dopant is doped into the hole transport layer and/orthe electron transport layer, It is uniformly 
doped in a direction perpendicular to the film in each layer, but there may be a concentration distribution in the vertical 
direction. For example, it may be doped only in the vicinity of the interface with the hole transport layer or in the vicinity 
of the cathode interface. 

[0037] The electron transport layer 3b employing such a compound performs a role of transporting electrons and a 
role of bringing luminescence at the time of the recombination of the holes and the electrons, simultaneously. 
[0038] When the hole transport layer 3a has a luminescent function, the electron transport layer 3b performs only a 
role of transporting electrons. 

[0039] As a method for further Improving the luminous efficiency of an organic electroluminescent device, an electron 
Injection layer may further be laminated on the electron transport layer 3b. as an organic luminescent layer. The com- 
pound to be used for this electron injection layer is required to be such that electron injection from the cathode is easy, 
and the ability of transporting electrons is larger. As such an electron transporting material, an aluminum complex of 
8-hydroxyqulnoline or an oxadiazole derivative, which has already been mentioned as a material for the electron trans- 
port layer (Appl. Phys. Lett., vol.55, p. 1489, 1989, etc.), a system having such a material dispersed in a resin such as 
poIy(methyl metacrylate)(PMMA), a phenanethroline derivative (JP-A-5-331459), 2-t-butyl-9,10-N,N'-dicyanoan- 
thraqulnonediimine (Phys. Stat. Sol. (a), voL142, p.489, 1 994) , n-type hydrogenated amorphous silicon carbide, n-type 
zinc sulfide, or n-type zinc selenlde, may, for example, be mentioned. The thickness of the electron Injection layer is 
usually from 5 to 200 nm, preferably from 1 0 to 1 00 nm. 

[0040] As the material for a single layer type organic luminescent layer 3 wherein no function division is carried out, 
the above mentioned polymer material, such as poly(p-phenylenevjnylene) (Nature, vol.347, p.539, 1990; Appl, Phys. 
Lett., voi.61, p.2793, 1992), poly[2-methoxy-5-(2'-ethylhexoxy)-1 ,4-phenylenevinylene] (Appl. Phys. Lett., vol.5B, p. 
1982, 1991; Thin Solid Films, vol.216, p.96, 1992; Nature, vol.357, p.477, 1992), or poly(3-alkylthiophene) (Jpn. J. 
Appl. Phys., vol.30, L1938, 1991; J. Appl. Phys., vol.72, p.564, 1992), or a system having a fluorescent material and 
an electron transporting material mixed to a polymer such as polyvinyl carisazole (Applied Physics, vol.61, p. 1044, 
1 992) , may be mentio ned. 

[0041 ] In the present invention, a cathode interface layer is formed between the cathode and the organic fluorescent 
layer. 

[0042] The cathode interface layer 4 performs a role of imp roving the adhesion between the cathode and the above 
organic fluorescent layer and preventing diffusion of the cathode material into the organic fluorescent layer. Further, it 
is required not to prevent injection of electrons from the cathode. The cathode interface layer of the present invention 
comprises at least one compound selected from a haltde of a metal of Group 3A of the Periodic Table and a complex 
halide compound having at least two metal elements as constituting elements. 

[0043] The halogen means five elements i.e. fluorine, chlorine, bromine, iodine and astatine. However, the halide to 
be used in the present invention Is preferably a fluoride, a chloride, a bromide or an iodide. 

[0044] The metal of Group 3A of the Periodic Table contained in the cathode interface layer of the present invention, 
may, for example, be scandium, yttrium, a lanthanide (lanthanum, cerium, praseodymium, neodymium, prometium, 
samarium, europium, gadolinium, terbium, dysprosium, holmium, erisium, thulium, ytterbium or lutetium), or actinide, 
may, for example, be mentioned. However, preferred is scandium, yttrium, lanthanum, cerium, praseodymium, neo- 
dymium, samarium, europium, tellubium, dysprosium, thulium, ytterbium or lutetium. 

[0045] Specifically, particularly preferred halides include scandium fluoride, yttrium fluoride, lanthanum fluoride, ce- 
rium fluoride, praseodymium fluoride, neodymium fluoride, samarium fluoride, europium fluoride, tellubium fluoride, 
dysprosium fluoride, thulium fluoride, ytterbium fluoride, lutetium fluoride, scandium chloride, yttrium chloride, lantha- 
num chloride, cerium chloride, praseodymium chloride, neodymium chloride, samarium chloride, europium chloride, 
tellubium chloride, dysprosium chloride, thulium chloride, ytterbium chloride, lutetium chloride, scandium bromide, yt- 
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tnurn bromide, lanthanum bromide, cerium bromide, praseodymium bromide, neodymium bromide, samarium bromide, 
europium bromide, tellublum bromide, dysprosium bromide, thulium bromide, ytterbium bromide and lutetlum bromide. 
Particularly preferably, metal halides are scandium fluoride, yttrium fluoride, lanthanum fluoride, cerium fluoride, pra- 
seodymium fluoride, neodymium fluoride, samarium fluoride, europium fluoride, tellublum fluoride, dysprosium fluoride, 
5 thulium fluoride, ytterbium fluoride and lutetlum fluoride, and these halides may be used as a mixture of two or more 
of them. 

[0046] In the complex halide compound of at least two metal elements, contained in the cathode interface layer of 
the present Invention, the metal elements are preferably at least two metal elements selected from metal elements of 
Groups 1A, 2A, 3A, 4A, 5A, IB, 2B. 38 and 4B. More preferably, a complex halide compound represented by the 
10 following compositional fomiula may be mentioned: 

15 Wherein A is at least one element selected from metal elements of Groups 1 A and 2A of the Periodic Table, M is at 
least one element selected from metal elements of Groups 3A and SB, preferably aluminum gallium, indium or a lan- 
thanlde metal, and as A and M, two or more metal elements may respectively be used, and X is a halogen atom, 
preferably fluorine, chlorine, bromine or iodine, particularly preferably fluorine, and each of p, q and r which are inde- 
pendent of one another, is an integer of from 1 to 20. 

20 [0047] Specifically, preferred complex halide compounds include, for example, 

NaaAIFg, Na5Al3Fi4, NaaLlg {AIF6)i2. NaCaAIFe. NaSraAlaF^g- NaaMgAIFy, NaCaAIFg, NaaAIBrg. Na5Al3Bri4, NagLig 
(AIBr6)i2. NaCa AlBrg, NaSrgAlaBrig, NagMgAIBry, NaCaAlB rg. NaaAICIs, Na5Al3Cli4. NagLiaCAlcya , NaCaAICIg, 
NaSraAlaClie, NaaMgAICly, Na CaAIClQ, NaaAllg, Na5Al3li4. Na^U^ (Allg )2. NaCaAlte. NaSraAlgl^Q, NaaMgAlly, NaCa 
Alls. LlaAIFe, U5AI3F14, LICaAIFe, LiSra AI3F16. LigMgAIFy, LiCaAIFs. LlaAIBrg, Li sAl3Bri4, LiCaAIBrg. LiSrgAlaBris. 

25 UgMgA \Brj, LiCaAIBrg, Li3AICl6. Li5Al3CI^4, Li CaAICIe, LISr3Al3CIi6. LiaMgAICly, LICaA IClg. LiaAMg. Li5Al3li4. 
LiCaAIis. USraAy^s. LigMgAtly. LICaAllg, K3AIF6, K5AI3 F^^, K3Li3{AIFe)i2, KCaAlFg, KSr3Al3Fi6. K2 MgAIFy, KCaAIFg, 
K3AIBr6, K5Al3Bru, K3Li 3(AiBr6)i2. KCaAIBrg, KSr3Al3Bri6. Ka^gAI Br7, KCaAIBrg, KaAICIs, K5AI3CI14, K3Li3 ( AlC^a, 
KCaAICIs, KSraAlgClig. KaMgAICI 7, KCaAICIg, K3AII6, K5AI3I14, K3U3(A!l6 )2, KCaAl^s. KSraAla^e, KgMgAlly, KCaAllg , 
Na3lnF6, Na5ln3F^4, Na3U3(lnF6)i2. NaCa InFg, NaSr3ln3Fi6, Na2MglnF7, NaCalnFg, N aslnBrg, Na5tn3Bri4, Na3Li3 

30 (lnBr6)i2. NaC aInBrg, NaSralnaBrig. Na2MglnBr7. NaCaIn Brg, NaglnClg, Na5ln3C^4, NaaLig (InClg) 2, NaCalnClg, 
NaSr3ln3Cli6. NagMglnCly, N aCalnClg, Naglnlg, Na5ln3l^4, NagLlg {Inl 6)2. NaCaln^g, NaSr3ln3liB, Na2Mglnl7. NaC 
ainig, KalnFg, K5ln3Fi4, K3Li3{lnF6)i2. KCalnFg. KSr3ln3Fi6, K2MglnF7, KCalnFg, K3I nBrg, K5ln3Br^4, K3Ll3(lnBrs)i2. 
KCalnBrg , KSr3ln3Bri6, K2MglnBr7, KCalnBrg, K3 InC Ig, K5ln3Cli4, K3Ll3(lnCle)2, KCalnClg, K Sr3ln3Cli5, K2MglnCl7, 
KGalnCIs, K3lnlg, K5ln3li4, K3LI3 (Inl6)2. KCalnFg, KSr3ln3l ^g, K2Mglnl7, KCalnIg, Na2PrFg, K2PrF6, Na 2CeF6, KaCeFg, 

35 NagNdFg, KNdFg, NaaLaFg, K 2LaF6, Na2SmFg, KgSmFg, NagEuFg, K2EUF6, NagTbFg, K2TbF6, NagGdFg, and KgGdFg 
These compounds may be used as a mixture of two or more of them. 

[0048] The thickness of the cathode interface layer is usually from 0.2 to 30 nm, preferably from 0.2 to 20 nm, more 
preferably from 0.2 to 10 nm. 

[0049] The cathode 5 performs a role of Injecting electrons Into the organic luminescent layer. The material to be 

40 used for the cathode may be a material to be used for the above anode. However, to carry out the electron injection 
efficiently, it is preferably a metal having a low work function, particulariy a metal with 4.7 eV or less. Such a material 
may, for example, be a metal such as tin. magnesium. Indium , calcium, aluminum or silver, or an alloy containing such 
a metal as the main component. Amount them, silver, magnesium, aluminum, indium or an alloy containing such a 
metal as the main component, is preferred. Otherwise, it is possible to employ a cathode having a trace amount of a 

45 metal having a low work function doped on a relatively stable metal. Such a cathode may, for example, be a metal film 
having from 0.01 to 0.1% of lithium doped on aluminum or indium (J P-A-5- 159882, JP-A-5-1 98380). 
[0050] The thickness of the cathode 5 Is usually from 0.1 nm to 1 0 jim, preferably from 0.2 nm to 2 ij.m. 
[0051] The cathode may have a multilayer structure comprising at least two layers. For example, as shown In Figure 
4, it Is effective to form an electric resistance-reduced layer 6 employing a metal having an electrical resistivity of not 

50 higher than 1 0 ^ Q-cm on a cathode 5 having a work function of not higher than 4.7 eV in order to reduce the wiring 
resistance of the device. In general, an organic electroluminescent device is a current-controlling type device, and 
when integrated, it is accordingly likely to have a problem of a voltage drop due to the wiring resistance. To avoid such 
a problem. It is common to adopt a method of increasing the thickness of the cathode, or a method of employing a 
material having a low electrical resistivity. However, the method of increasing the thickness Is not desirable from the 

55 viewpoint of the process, and a copper or the like having a low electrical resistivity has a high work function and thus 
can not be used as a cathode material. By laminating the above mentioned electrical resistance-reduced layer, it be- 
comes possible to reduce the thickness of the metal layer which Is in contact with the cathode Interface layer 
[0052] In a case where this structure is employed, the thickness of the cathode 5 may be at the same level as the 
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above-mentioned cathode thickness and is usually from 0.1 nm to 10 ^irn, preferably from 0.2 nm to 2 \xrr\, more pref- 
erably from 0.2 to 20 nm. The thickness of the electrical resistance-reduced layer 6 Is usually from 20 nm to 10 jim, 
preferably from 30 nm to 2 |im. For the electrical resistance-reduced layer, a metal having an electrical resistivity of 
not higher than 10 ^n-cm Is employed. Specifically, aluminum, copper, silver or gold may, for example, be mentioned. 
[0053] Furthermore, as shown in Figure 5, it is possible to fomn a protective film layer 7 on the electrical resistance- 
reduced layer 6. Namely, for the purpose of protecting the cathode made of a metal having a tow work function, a metal 
layer Is laminated thereon, as a protective layer which has a high work function and is stable against atmospheric air, 
whereby the stability of the device is increased. For this purpose, a metal such as aluminum, silver, nickel, chromium, 
gold or platinum may be used. 

[0054] Further, it is also possible to adopt a laminated stmcture in a reverse order of Figure 1 , i.e. the lamination is 
carried out in the order of the cathode 5, the cathode interface layer 4, the organic luminescent layer 3 and the anode 
2, on the substrate. As mentioned above, it is also possible to provide the organic electroluminescent device of the 
present invention between a pair of substrates, at least one of which has high transparency. Likewise, it Is also possible 
to carry out lamination in a reverse order of each of the layered structures shown in Figures 2 to 5. 
[0055] Now, the present Invention will be described In further detail with reference to Examples. However, it should 
be understood that the present invention is by no means restricted to such specific Examples. 

REFERENCE EXAMPLE 1 

[0056] An organic electroluminescent device having the structure shown In Figure 3, was prepared by the following 
method. 

[0057] A glass substrate having a transparent electroconductive film of indium tin oxide (ITO) laminated In a thickness 
of 120 nm thereon, was subjected to patterning to form a stripe having a width of 2 pin by means of a conventional 
photolithographic technique and etching with hydrochloric acid, to form an anode. This pattern-formed substrate was 
washed sequentially in the order of supersonic washing with acetone, washing with pure water and supersonic washing 
with Isopropyl alcohol, then dried by blowing nitrogen and finally subjected to ultraviolet ray ozone cleaning, and then 
it was set in a vacuum vapor deposition apparatus. The apparatus was preliminarily evacuated by an oil-sealed rotary 
vacuum pump and then evacuated by an oil diffusion pump equipped with a liquid nitrogen trap until the vacuum degree 
In the apparatus became not higher than 2x10-6 Torr (about 2.7 x lO-^- Pa). 
[0058] Copper phthalocyanlne having the following structural fonmuia: 




was put into a boat placed in the above apparatus, and the boat was heated to carry out vapor deposition. During the 
vapor deposition, the vacuum degree was 2.8 x 1 0-^ Torr (about 3.7 x 1 0"* Pa), and an anode buffer layer 3a' having 
a thickness of 20 nm was obtained at a vapor deposition rate of 0.2 nm/sec. 
[0059] Then, 4,4'-bis{N-(1 -naphthyl)-N-phenylamino]biphenyl of the following formula: 
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was put into a ceramic cmcible placed in the above apparatus, and the crucible was heated by a tantalunn heater to 
carry out vapor deposition. At that time, the temperature of the crucible was controlled within a range of from 220 to 
240°C. During the vapor deposition, the vacuum degree was 2.8x1 0'^ Torr (about 3,7 x 1 0 ** Pa), and a hole transport 
layer 3a having a thickness of 60 nm was formed at a vapor deposition rate of 0.4 nm/sec. 

[0060] Then, as a material for the electron transport layer 3b, a 8-hydroxyquinoline complex of aluminum, Al 
(CgH6NO)3 of the following structural formula: 



was vapor-deposited In the same manner as In the case of the ii o le transport layer. At that time, the crucible temperature 
of the 8-hydroxyquinollne complex of aluminum was controlled within a range of from 275 to 285'*C. During the vapor 
deposition, the vacuum degree was 2.5 x 10*6 Torr (about 3.3 x 10"* Pa), the vapor deposition rate was from 0.3 to 
0.4 nm/sec, and the thickness of the vapor deposited electron transport layer was 75 nm. 
35 [0061 ] The substrate temperature was maintained at room temperature, during the above vacuum vapor deposition 
of the hole transport layer 3a and the electron transport layer 3b. 

[0062] Then, the device subjected to vapor deposition of up to the electron transport layer 3b, was once taken out 
from the above vacuum vapor deposition apparatus to the atmospheric air, and a shadow mask In a stripe shape having 
a width of 2 mm was intimately placed as a mask for cathode vapor deposition on the device so that it crossed the ITO 

40 stripe of the anode 2. The masked device was placed in another vacuum vapor deposition apparatus, which was 
evacuated in the same manner as for the organic layer until the vacuum degree in the apparatus became not higher 
than 2 x 10-® Torr (about 2.7 x 10-* Pa). Then, as a cathode Interface layer, magnesium fluoride was vapor-deposited 
by means of a molybdenum boat so that the film thickness would be 0.5 nm. During the vapor deposition, the vacuum 
degree was 4 x 10*6 Torr (about 5.3 x 10"* Pa). 

45 [0063] Further aluminum was vapor-deposited thereon as a cathode in a thickness of 1 50 nm by means of a mo- 
lybdenum boat. The vacuum degree during the vapor deposition of aluminum was 1 .5 x IQ-s Torr (about 2.0 x 10-2 
Pa), and the vapor deposition time was two minutes. 

[0064] As described above, an organic electroluminescent device having a luminous layer portion with a size of 2 
mm X 2 mm, was obtained. A direct current voltage was applied to this device by setting the anode to have positive 
50 polarity and the cathode to have negative polarity, whereby at 3 V, the luminance exceeded 1 cd/m^, and at 13 V, a 
current density of 250 mA/cm2 was obtained, and the luminance at that time was 6737 cd/m^. 

REFERENCE EXAMPLE 2 

55 [0065] A device was prepared In the same manner as in Reference Example 1 except that the thickness of the 
cathode interface layer was changed to 2 mm. When a direct current voltage was applied to this device, the luminance 
exceeded 1 cd/m2 at 4 V, and at 14 V, a current density of 250 mA/cm^ was obtained and the luminance at that time 
was 5797 cd/m^. 
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COMPARATIVE EXAMPLE 1 

[0066] A device was prepared in the same manner as In Reference Example 1 except that no cathode interface layer 
was fonned. When a direct current voltage was applied to this device, the luminance exceeded 1 cd/m2 at 4 V, and at 
13 V, a cun-ent density of 250 mA/cm2 was obtained and the luminance at that time was 31 47 cd/m2. 

COMPARATIVE EXAMPLE 2 

[0067] A device was prepared In the same manner as in Comparative Example 1 except that as a cathode material, 
a commonly employed magnesium/silver co-vapor-deposited film was used. The atomic ratio of magnesium to silver 
was 10:1 . When a direct current voltage was applied to this device, the luminance exceeded 1 cd/m^ at 4 V, and at 13 
V, a current density of 250 mA/cm2 was obtained and the luminance at that time was 5578 cd/m2. 

COMPARATIVE EXAMPLE 3 

[0068] A device was prepared in the same manner as in Reference Example 1 except that as a cathode interface 
layer, gemnanium oxide (GeO) was used. When a direct current voltage was applied to this device, the luminance 
exceeded 1 cd/m^ at 7 V, and at 14 V, a current density of 250 mA/cnn2 was obtained and the luminance at that time 
was 1 036 cd/m2. 

[0069] The devices of Reference Examples 1 and 2 and Comparative Examples 1 , 2 and 3 were driven at a current 
density of 250 mA/cm2, and deterioration of the Initial luminance at that time is shown in Figure 6. The initial luminance 
in Reference Examples 1 and 2 and Comparative Examples 1. 2 and 3 was 6737 cd/m2, 5797 cd/m2, 3147 cd/m2 
5578 cd/m2 and 1 036 cd/m2, respectively. 

[0070] Further, the devices of Reference Example 1 and Comparative Examples 1 and 2 were driven at a direct 
current constant current density of 1 5 mA/cm2, and the changes in luminance of the devices and the changes In the 
voltages at that time are shown in Figures 7 and 8. The initial luminance of the devices of Reference Example 1 and 
Comparative Examples 1 and 2 were 475 cd/m2, 31 5 cd/m2 and 373 cd/m2. respectively, and the initial driving voltages 
were 6.3 V, 8.4 V and 4.9 V, respectively. 

REFERENCE EXAMPLE 3 

[0071] A device was prepared In the same manner as In Reference Example 1 except that the thickness of the 
cathode interface layer was changed to 0.5 nm, aluminum was vapor-deposited in a thickness of 0.5 nm as the cathode 
layer, and copper was vapor-deposited thereon In a thickness of 150 nm as the electrical resistance-reduced layer, to 
obtain a device having the stmcture of Figure 4. When a direct current voltage was applied to this device, the luminance 
exceeded 1 cd/m2 at 3 V, and at 6 V, a current density of 250 mA/cm2 was obtained and the luminance at that time 
was 6380 cd/m2. 

REFERENCE EXAMPLE 4 

[0072] A device was prepared in the same manner as in Reference Example 1 except that calcium fluoride was used 
as the cathode interface layer, and the thickness was changed to 0.5 nm. When a direct current voltage was applied 
to this device, the luminance exceeded 1 cd/m2 at 4 V. and at 14 V, a current density of 250 mA/cm2 was obtained and 
the luminance at that time was 6177 cd/m2. 

REFERENCE EXAMPLE 5 

[0073] A device was prepared in the same manner as in Reference Example 1 except that calcium fluoride was used 
as the cathode interface layer, and the thickness was changed to 2 nm. When a direct current voltage was applied to 
this device, the luminance exceeded 1 cd/m2 at 4 V, and at 1 3 V» a current density of 250 mA/cm2 was obtained and 
the luminance at that time was 6712 cd/m2. 

REFERENCE EXAMPLE 6 

[0074] A device was prepared in the same manner as in Reference Example 1 except that calcium fluoride was used 
as the cathode interface layer, and the thickness was changed to 5 nm. When a direct current voltage was applied to 
this device, the luminance exceeded 1 cd/m2 at 4 V, and at 13 V, a current density of 250 mA/cm2 was obtained and 
the luminance at that time was 661 8 cd/m2. 
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[0075] Further, the devices of Reference Examples 5 and 6 and Comparative Examples 1 and 2 were driven at a 
current density of 250 mA/cm^. and deterioration of the Initial luminance is shown In Figure 9. The Initial luminance in 
Reference Examples 5 and 6 was 6712 cdAn^ and 6618 cd/m^, and the initial luminance in Comparative Examples 1 
and 2 was 3147 cd/m2 and 5578 cd/nn^, respectively. 

REFERENCE EXAMPLE 7 

[0076] A device was prepared in the same manner as in Reference Example 1 except that barium fluoride was used 
as the cathode Interface layer, and the thickness was changed to 0.5 nm. When a direct current voltage was applied 
to this device, the luminance exceeded 1 cd/m2 at 5 V, and at 1 4 V, a current density of 250 mA/cm^ was obtained and 
the luminance at that time was 5774 cd/m^. 

REFERENCE EXAMPLE 8 

[0077] A device was prepared In the same manner as In Reference Example 1 except that barium fluoride was used 
as the cathode Interface layer, and the thickness was changed to 2 nm. When a direct current voltage was applied to 
this device, the luminance exceeded 1 cd/m2 at 4 V, and at 14 V, a current density of 250 mA/cm^ was obtained and 
the luminance at that time was 7310 cd/m^. 

[0078] Further, the devices of Reference Examples 7 and 8 and Comparative Examples 1 and 2 were driven at a 
current density of 250 mA/cm^, and deterioration in the initial stage is shown in Figure 10. The initial luminance in 
Reference Examples 7 and 8 was 5774 cd/m^ and 7310 cd/m^, respectively, and the initial luminance in Comparative 
Examples 1 and 2 was 3147 cd/m^ and 5578 cd/m^, respectively. 

EXAMPLE 9 

[0079] A device was prepared in the same manner as in Reference Example 1 except that cerium fluoride was used 
as the cathode interface layer, and the thickness was changed to 2.0 nm. When a direct current voltage was applied 
to this element, the luminance exceeded 1 cd/m^ at 4 V. and at 13 V, a current density of 250 mA/cm2 was obtained 
and the luminance at that time was 7057 cd/m^. 

EXAMPLE 10 

[0080] A device was prepared in the same manner as in Reference Example 1 except that neodymium fluoride was 
used as the cathode Interface layer, and the thickness was changed to 0.5 nm. When a direct current voltage was 
applied to this device, the luminance exceeded 1 cd/m^ at A V, and at 13 V, a current density of 250 mA/cm^ was 
obtained and the luminance at that time was 6369 cd/m^. 

EXAMPLE 11 

[0081] A device was prepared in the same manner as in Reference Example 1 except that neodymium fluoride was 
used as the cathode interface layer, and the thickness was changed to 3.0 nm. When a direct current voltage was 
applied to this device, the luminance exceeded 1 cd/m^ at 4- V, and at 15 V, a current density of 250 mA/cm^ was 
obtained and the luminance at that time was 6687 cd/m2. 

[0082] The devices of Examples 9,10 and 1 1 and Comparative Examples 1 , 2 and 3 were driven at a current density 
of current density of 250 mA/cm2, and deterioration at the initial stage is shown in Figure 11 . The initial luminance of 
Examples 9, 10 and 11 was 7057 cd/m^^ 6369 cd/m^ and 6687 cd/m^, respectively, and the Initial luminance in Com- 
parative Examples 1, 2 and 3 was 3147 cd/m^, 5578 cd/m^ and 1036 cd/m^, respectively. 

EXAMPLE 12 

[0083] A device was prepared in the same manner as in Reference Example 1 except that hexafluoroaluminum 
sodium (NagAlFe) was used as the cathode interface layer, and the thickness was changed to 3.0 nm. When a direct 
current voltage was applied to this solution, the luminance exceeded 1 cd/m2 at 4 V, and at 15 V, a current density of 
250 mA/cm2 was obtained and the luminance at that time was 6254 cd/m^. 

EXAMPLE 13 

[0084] A device was prepared in the same manner as in Reference Example 1 except that hexafluoroaluminum 
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sodium (NasAIFg) was used as the cathode interface layer, and the thickness was changed to 0.5 nm. When a direct 
current voltage was applied to this device, the lunninance exceeded 1 cd/m^ at 3 V, and at 12 V, a current density of 
250 mA/cnri2 was obtained and the luminance at that time was 7259 cd/m2. 

[0085] Further, the devices of Examples 12 and 13 and Comparative Examples 1 , 2 and 3 were driven at a current 
density of 250 mA/cm^, and deterioration of the initial luminance is shown in Figure 1 2. The initial luminance in Examples 
12 and 13 and Comparative Examples 1. 2 and 3 was 6254 cd/m2 7259 cd/m^. 3147 cd/m2 5578 cd/m2, and 1036 
cd/m2, respectively. 

[0086] Now, the characteristics of the deyices when fluorides outside the scope of the present Invention, were used, 
are shown as Comparative Examples. 

COMPARATIVE EXAMPLE 4 

[0087] A device was prepared in the same manner as in Reference Example 1 except that aluminum fluoride was 
used as the cathode interface layer, and the thickness was changed to 0.5 nm. When a direct current voltage was 
applied to this device, the luminance exceeded 1 cd/m^ at 7 V, and at 16 V, a current density of 250 mA/cm^ was 
obtained and the luminance at that time was 1 955 cd/m^. 

COMPARATIVE EXAMPLE 5 

[0088] A device was prepared in the same manner as in Reference Example 1 except that zinc fluoride was used 
as the cathode interface layer, and the thickness was changed to 0.5 nm. When a direct current voltage was applied 
to this device, the luminance exceeded 1 cd/m^ at 6 V, and at 16 V, a current density of 250 mA/cm^ was obtained and 
the luminance at that time was 3651 cd/m^. 



COMPARATIVE EXAMPLE 6 
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cathode, on a substrate, wherein a cathode interface layer comprising at least one compound selected from a 
halide of a metal of Group 3A of the Periodic Table also comprising the lanthanides and actinides, and a complex 
halide compound of at least two metal elements, is formed between the cathode and the organic luminescent layer 
of the device. 

2. The organic electroluminescent device according to Claim 1 , wherein the complex halide compound is represented 
by a compositional formula of ApMqXp wherein A is at least one element selected from metal elements of Groups 
1 A and 2A of the Periodic Table, M is at least one element selected from metal elements of Groups 3A and 3B, X 
Is a halogen atom, and each of p, q and r which are independent of one another, is an Integer of from 1 to 20. 

3. The organic electroluminescent device according to Claim 1 , wherein the complex halide compound is represented 
by a compositional fomnula of ApM^Fp wherein A is at least one element selected from metal elements of Groups 
1Aand 2A of the Periodic Table, M Is at least one element selected from aluminum, gallium, indium and lanthanide 
metals, and each of p, q and r which are independent of one another, is an integer of from 1 to 20. 

4. The organic electroluminescent device according to any one of Claims 1 to 3, wherein the halide of a metal of 
Group 3A of the Periodic Table is at least one member selected from scandium fluoride, yttrium fluoride, lanthanum 
fluoride, cerium fluoride, praseodymium fluoride, neodymium fluoride, samarium fluoride, europium fluoride, ter- 
bium fluoride, dysprosium fluoride, thulium fluoride, ytterbium fluoride and lutetlum fluoride. 

5. The organic electroluminescent device according to any one of Claims 1 to 4, wherein the cathode interface layer 
has a thickness of from 0,2 to 30 nm. 

6. The organic electroluminescent device according to any one of Claims 1 to 5, wherein the cathode Is a metal or 
an alloy having a work function of at most 4.7 eV. 

7. The organic electroluminescent device according to any one of Claims 1 to 6, wherein the cathode Is made of 
silver, magnesium, aluminum, indium or an alloy containing such an element as the main component. 

8. The organic electroluminescent device according to any one of Claims 1 to 7, wherein the cathode has a multilayer 
structure of at least two layers, which comprises a first metal layer having a work function of at most 4.7 eV., which 
is in contact with the cathode interface layer, and a second metal layer having an electrical resistance of at most 
10 ^ii cm, which Is laminated on the first metal layer. 

PatentansprQche 

1 . Organlsche Elektrolumlneszenzeinrichtung mit einer zwischen einer Anode und einer Kathode angeordneten, or- 
ganlschen Lumineszenzschicht auf einem Substrat, wobel eine Kathodengrenzflachenschicht, umfassend minde- 
stens eine Verbindung, gewahlt aus einem Halogenid eines Metalls der Gruppe 3A des Periodensystems, umfas- 
send ebenso die Lanthaniden und Actlnlden, und eine Komplex-Halogenldverbindung aus mlndestens zwei Me- 
tallelementen, zwischen der Kathode und der organischen Lumineszenzschicht der EInrichtung gebildet ist. 

2. Organlsche Elektrolumineszenzeinrichtung nach Anspruch 1, wobei die Komplex-Halogenidverblndung wieder- 
gegeben wird durch eine Zusammensetzungsfomnel ApMqX,, worin A mindestens ein Element ist, gewahlt aus 
Metal lelementen derGruppen 1A und 2A des Periodensystems. M mindestens ein Element ist. gewahlt aus Me- 
tallelementen der Gruppen 3A und 3B, X ein Halogenatom Ist. und jedes von p, q und r, welche voneinander 
unabhSngig sind, eine ganze Zahl von 1 bis 20 ist. 

3. Organlsche Elektrolumineszenzeinrichtung nach Anspruch 1, wobei die Komplex-Halogenidverblndung wieder- 
gegeben wird durch eine Zusammensetzungsformel ApMqFr. worin A mindestens ein Element ist, gewahlt aus 
Metallelementen der Gruppen 1 A und 2A des Periodensystems, M mindestens ein Element ist, gewahlt aus Alu- 
minium, Gallium, Indium und Lanthanidenmetallen, und jedes von p, q und r, welche voneinander unabhangig 
sind. eine ganze Zahl von 1 bis 20 ist. 

4. Organlsche Elektrolumineszenzeinrichtung nach mindestens einem der Anspruche 1 bis 3, wobei das Halogenid 
eines Metalls der Gruppe 3A des Periodensystems mindestens ein Vertreter ist, gewahlt aus Scandiumfluorid. 
Yttriumflurid, Lanthanfluorid, Cerfluorid, Praseodymiumfluorid, Neodymiumfluorid, Samariumfluorid, Europium- 
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fluorid. Terbiumfluorid, Dysprosiumfluoiid. ThuHumfluorid- Ytterbiumfluorid und Lutetlumfluorid. 

5. Organsiche Elektrolumineszenzeinrichtung nach mindestens einem der Anspruche 1 bis 4, wobel die Kathoden- 
grenzflachenschicht eine Oicke von 0.2 bis 30 nm besltzt. 

6. Organische Elektrolumineszenzeinrichtung nach mindestens einenn der Anspruche 1 bis 5, wobel die Kathode ein 
Metall Oder eine Legierung ist mit einer Austrittsarbeit von hochstens 4,7 eV. 

7. Organische Elelctroiumineszenzeinrlchtung nach mindestens einem der Anspruche 1 bis 6, wobei die Kathode aus 
Silber, Magnesium, Aluminum. Indium Oder einer Legierung, welche ein sofches Element als die Hauptkomponente 
enthalt, hergestellt ist. 

8. Organische Elektrolumineszenzeinrichtung nach mindestens einem der Anspruche 1 bis 7, wobei die Kathode 
eine Mehrschichtstruktur aus mindestens zwei Schichten besitzt, umfassend eine erste IVIetailschicht mit einer 
Austrittsarbeit von hochstens 4,7 eV, welche in Kontakt nnit der Kathodengrenzflachenschicht ist, und eine zweite 
Metallschicht mit einem elektrischen Widerstand von hdchstens 10 ^£2'Cm, welche auf der ersten Metallschicht 
laminiert Ist. 



Revendlcations 

1 . Oispositif organique Electroluminescent ayant une couche lumlnescente organique intercal^e entre une anode et 
une cathode, sur un substrat, dans lequel une couche d'interface de cathode comprenant au moins un compost 
choisi parmi un halog^nure d'un mStal du groupe 3A du tableau pSriodiqua comprenant dgalement les lanthanides 
et actinides, et un compost d'halog6nure complexe d'au moins deux 6l6ments mdtalllques est formd entre la 
cathode et la couche organique lumlnescente du dispositif. 

2. Dispositif organique Electroluminescent selon la revendlcation 1 , dans lequel le composE d'halogenure complexe 
est repr6sent6 par une composition de fomaule ApM^Xp dans laquelle A est au moins un 6l6ment choisi pamnl des 
^lEments mEtalliques des groupes 1 A et 2A du tableau pEriodique, M est au moins un 6\6ment choisi parmi des 
dIEments mdtalliques des groupes 3A et SB, X est un atome d'halog&ne et chacun des indices p, q et r, qui sont 
indEpendants les uns des autres, est un nombre entier de 1 ^ 20. 

3. Dispositif organique electroluminescent selon la revendicatlon 1 , dans lequel le compose d'halogenure complexe 
est reprEsente par une composition de fomnule ApM^Xp dans laquelle A est au moins un 616ment choisi panni des 
6l6ments mEtalliques des groupes 1A et 2A du tableau p6riodlque, M est au moins un 6l6ment choisi parmi les 
mEtaux aluminium, gallium, indium et lanthanides et chacun des indices p, q et r, qui sont independants les uns 
des autres, est un nombre entier de 1 a 20. 

4. Oispositif organique Electroluminescent selon Tune quelconque des revendications 1 ^ 3, dans lequel ThalogEnure 
d'un metal du groupe 3 A du tableau pErlodique est au morns un element choisi parmi le fluorure de scandium, le 
fluorure d'yttrium, le fluorure de lanthane, le fluorure de cerium, le fluorure de praseodyme, le fluorure de neodyme, 
le fluorure de samarium, le fluorure d'europium, le fluorure de terbium, le fluorure de dysprosium, le fluorure de 
thulium, le fluorure d'ytterbium et le fluorure de lutEtlum. 

5. Dispositif organique electroluminescent selon Tune quelconque des revendications 1^4, dans lequel la couche 
d'interface de la cathode a une Epaisseur de 0,2 k 30 nm. 

6. Dispositif organique Electroluminescent selon I'une quelconque des revendications 1^5, dans lequel la cathode 
est un m^tal ou un alliage ayant une fonction de sortie d'au moins 4,7 eV. 

7. Dispositif organique Electroluminescent selon I'une quelconque des revendications 1 a 6, dans lequel la cathode 
est constituee d'argent, de magnEsium, d'aluminium, d' indium ou d'un alliage contenant un tel ElEment comme 
composant principal. 

8. Dispositif organique electroluminescent selon I'une quelconque des revendications 1 a 7. dans lequel la cathode 
est une structure multicouche d'au moins deux couches, qui comprend une premiere couche melallique ayant une 
fonction de sortie au maximum de 4,7 eV, qui est en contact avec la couche d'interface de la cathode, et une 
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FIGURE 8 
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FIGURE 10 
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FIGURE 12 
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FIGURE 13 
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